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THE GENERA OF TAXACEAE IN THE
SOUTHEASTERN UNITED STATES'

ROBERT A. PRICE?

TAXACEAE S. F. Gray, Nat. Arr. Brit. PL. 2: 222. 1821, “Taxideae,”
nom. cons.

(YEwW FAMILY)

Evergreen dioecious (or rarely monoecious) trees or shrubs. Foliage leaves
entire, linear to linear-lanceolate, spirally arranged (often apparently 2-ranked)
[or opposite in Amentotaxus], short-petiolate, with 2 stomatal bands on the
abaxial surface; resin canal single, abaxial to the vascular bundle (or absent in
Taxus, Pseudotaxus, and Austrotaxus). Wood without resin canals, axial wood
parenchyma present or absent, helical thickenings present on the tracheid walls
[apparently absent in Austrotaxus]. Pollen cones (microsporangiate strobili)
apparently simple, borne singly in the axils of foliage leaves [or compound and
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aggregated in .tmentotaxus and Austrotaxus]; microsporophylls several per
strobilus, more or less whorled, cach with [2 or] 3-9 microsporangia borne in
a radial arrangement (Taxus, Pseudotaxus) or developing fully only on the
abaxial side (Torreva, Amentotaxus); pollen grains nonsaccate, lacking pro-
thallial cells. Ovules arillate, borne singly at the ends of short axillary shoots?®
bearing decussate [or spirally arranged] scale leaves; archegonia usually few per
ovule, not clustered. Seeds with a stony coat, largely surrounded by the fleshy
aril; embryo straight, cotyledons 2 (or occasionally 1 or 3). Chromosome num-
ber 2n = 22 or 24 [14 in Amentotaxus]. (Including Amentotaxaceae Kudo &
Yamamoto, Austrotaxaceac Nakai, Torreyaceac Nakai: Taxineae L. & A. Rich-
ard.) Type Genus: Taxus L.

A small family of five genera and perhaps 20 species, the Taxaceac are widely
distributed in the Northern Hemisphere in moist, forested habitats from the
subarctic of Eurasia and North America to subtropical or even tropical arcas
of Central America and southeastern Asia. The monotypic Austrotaxus Comp-
ton is endemic to New Caledonia, while Zaxus L. ranges south of the equator
on Sumatra and Celebes (Florin, 1963). Only the two most widespread genera,
Torreya Amottand Taxus, occur in North America, including the southeastern
United States. The monotypic Pseudotaxus Cheng (Nothotaxus Florin) is en-
demic to castern China, while Amentotaxus Pilger has four species in south-
castern Asia, occurring from central and southern China, including Taiwan
and Hongkong, to southern Vietnam and extreme eastern India (Alvin ef al.;
Ferguson, 1985; Florin, 1963). Amentotaxus is also known from fossils of
Tertiary age in western North America and Europe, but it had disappeared
from these areas by the Late Miocene or Early Pliocene (Alvin et al.; Florin,
1963).

The Taxaceac, both fossil and extant, are unique among the conifers in having
arillate ovules borne singly at the ends of lateral short shoots, but with no
evidence of a biaxial ovulate cone or ovuliferous scales. Thus Florin (1938-
1945, 1948a) proposed that they form an cvolutionary lineage separate from
the conifers. However, the Taxaceae have the specialized pattern of proem-
bryogeny typical of the modern conifers (Dogra; Doyle, 1963), and they share
derived features of wood anatomy and pollen and leaf morphology with other
modern families of conifers, particularly the Cephalotaxaceac, a monogeneric
family native to eastern Asia. On the bases of overall similarity and preliminary
phylogenetic analyses (Hart), it seems most likely that the Taxaceae are conifers,
most closely related to Cephalotaxus Sieb. & Zuce. ex Endl., that have sec-
ondarily lost the coniferous ovulate cone organization, although there are no
intermediates indicating how the ovules have come to be terminal in position.

Cephalotaxus (plum-yew, with nine species in Fu's treatment) is very similar
to the Taxaceae in appearance and in a number of morphological features. It
differs most prominently from the Taxaceae in having its young ovules borne

*In Taxus and Torreya the ovule-bearing short shoots are axillary to scale leaves borne on very
short axillary shoots, while in the other genera they arise from the axils of foliage leaves (Florin,
1948a). In Torreya there arc usually two ovuliferous shoots on each dwarf axillary shoot, but only
one ovule generally matures.
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in pairs along a cone axis. Each pair of ovules is subtended by a bract and is
associated with a small outgrowth that has been interpreted as an extremely
reduced ovuliferous scale (Florin, 1951; Singh, 1961). Generally only one or
two ovules mature per cone. The ovular integument differentiates into an inner
stony layer and an outer fleshy layer, making the sced similar in structure and
appearance 1o those of Torreya and Amentotaxus, but there is no evidence of
a separate aril in the development of the ovule (Singh, 1961).

Until the early 1900’s the Taxaceae were often treated as including both the
Cephalotaxaceae and the Podocarpaceac (Pilger, 1903, 1916D), primarily on
the grounds that these groups have fleshy structures surrounding the seed and
often have the ovuliferous scales greatly reduced. The Podocarpaceae are very
diverse in their ovulate-cone morphology. Cones of some species are highly
reduced and bear only a single ovule, while the more primitive members of
the family have prominently biaxial ones with a number of ovules (Quinn;
Sporne). The Podocarpaceac have a unique binucleate cellular stage in their
early embryogeny, and all but two of the genera have an epimatium (an unusual
structure generally interpreted as a modified ovuliferous scale that partially
folds around the ovule) as the fleshy structure associated with the seed (Florin,
1958b; Quinn). The aril surrounding the seed of the Taxaccae arises as an
outgrowth at or just below the base of the ovular integument (Coulter & Land;
Keng; Loze). Elsewhere among the conifers, a comparable structure occurs only
in the podocarpaccous genus Phyllocladus L. & A. Rich. (Sporne), a highly
derived group otherwise very dissimilar from the Taxaceac. The Taxaceac and
Podocarpaceae also differ in wood anatomy, pollen structure, and chemistry,
and there is thus little evidence of a close relationship between the two families
(see Florin, 1958b; Hegnauer, 1962, 1986; Phillips).

Two tribes are often recognized in the Taxaceac, following the treatment of
Janchen. In plants of tribe Torreyeac Janchen, including Torreya and Amen-
totaxus, the microsporangia are borne abaxially on the microsporophylls (vs.
radially arranged in tribe Taxcac) and the aril tightly invests the mature seed
and is largely adnate to the seed coat (Florin, 1948a; Keng). In these two genera
the free portion of the aril is displaced toward the apex of the ovule by inter-
calary growth, while in the three genera of tribe Taxeac (Taxus, Pseudotaxus,
and Austrotaxus) the entire aril remains free from the ovular integument and
forms a cuplike structure around the seed (Florin, 1948a). The gencra of tribe
Taxeae also lack the foliar resin canal present in Torreya, Amentotaxus, and
the outgroup Cephalotaxus (Gaussen). Austrotaxus is unique in the family in
having the microsporangia partially connate (Saxton; Wilde) and in apparently
lacking helical thickenings on the tracheid walls (Greguss, 1955; Phillips). It
has recently been found, however, to produce taxane alkaloids, which had
previously been known only from Taxus (Guéritte-Voegelein et al.).

Chromosome numbers have been reported for three of the genera of Taxa-
ceac. Counts of 2n = 24 have been obtained for four species of Taxus (Dark;
Sax & Sax; Sugihara, 1946b). This is presumably the primitive chromosome
number for the family, since it has also been obtained for several specics of
the outgroup genus Cephalotaxus and is apparently the primitive number for
the conifers generally (Ehrendorfer; Khoshoo, 1961, 1962). Eleven of the chro-
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mosomes in 7axus are metacentric or submetacentric, while the shortest one
is subtelocentric (Dark; Sax & Sax).

The chromosome number 27 = 22 has been obtained from two species of
Torreya, T. nucifera (L.) Sieb. & Zucc. (see, for example, Tahara, Terasaka)
and 7' californica Torrey (see Gaussen). All of the chromosomes of 7., nucifera
are apparently metacentric or submetacentric (Terasaka). The count of 2n =
22 has also been reported for Amentotaxus argotaenia (Hance) Pilger by Su-
gihara (1946a), but his illustration is unclear. In contrast, Chuang & Hu pro-
vided an excellent illustration of the chromosomes of A. formosana Li (as A.
argotaenia), with 2n = 14, equaling the lowest chromosome number known
for any gymnosperm (sce Khoshoo, 1961). All of the chromosomes in this
species are clearly heterobrachial, and two are markedly shorter than the rest
(Chuang & Hu). Counts for other populations of Amentotaxus and for Austro-
taxus and Pseudotaxus, as yet unstudied, are much nceded,

The proembryogeny of the Taxaceae is similar to that of other groups of
conifers, including Cephalotaxus and members of the Podocarpaceae (see re-
views in Dogra; Doyle, 1963; Doyle & Brennan; Singh, 1978). After cell walls
are formed, there is a single upper tier of cells that are open at the top, with
an irregularly storied group of cells below. There is a trend among the gymno-
sperms toward reduction in the number of free-nuclear mitotic divisions in
the proembryo prior to cell wall formation. Eight sets of free-nuclear mitoses
are found in Ginkgo, and there are still higher numbers in the cycads, while
six sets or fewer occur in the conifers (Dogra; Singh, 1978). There are usually
four sets of free-nuclear mitoses in Cephalotaxus, Taxus, Pseudotaxus, Amen-
totaxus, and Austrotaxus (Buchholz, 1940; Chen & Wang, 1978, 1984a, b;
Saxton; Singh, 1961, 1978: Sterling, 1948; Sugihara, 1946a, b), while in Torreya
the number of such divisions has been reduced to two or three sets, yielding
a four- or cight-celled proembryo (see review in Doyle & Brennan). Each of
these genera frequently exhibits simple polyembryony. Cleavage polyembryony
has been documented in Torreya (Chen & Wang, 1984a; Doyle & Brennan),
but not in the other genera of Taxaccae and only as a rare event in specics of
Cephalotaxus (Singh, 1961).

The microsporangiate strobili of the Taxaccae are diverse in structure and
have been the subject of varied morphological interpretations (see, for example,
Florin, 1948a; Sporne; Wilde). In Amentotaxus the strobili are compound
structures with some 20 to 30 small strobilar units arranged in a more or less
decussate fashion along the axis (Keng: Wilde). The outgroup Cephalotaxus
also has compound microsporangiate branches, with each lateral strobilus in the
axil of a bract, indicating that a compound strobilus may be primitive in the
Taxaceae (Wilde). No bracts are evident subtending the lateral units in Amen-
totaxus, cach of which bears cight to 12 microsporophylls in A. argotaenia.
Austrotaxus also has an unusual spikelike strobilar structure, in which the very
reduced sporangia-bearing structures occur in the axils of spirally arranged
bracts along the cone axis. Based on the pattern of vasculature, Wilde has
interpreted the axillary structures as highly reduced lateral cones in which the
sporophyll stalks are virtually absent and the sporophylls and sporangia are
partially fused. Pseudotaxus seemingly has simple pollen cones in the axils
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of foliage leaves, but two scale leaves are positioned on the axis between whorls
of sporophylls (Florin, 1948b; Wilde), possibly indicating reduction from a
more complex structure. Taxus has pollen cones rather similar to those of
Pseudotaxus (but lacking sterile scales between the sporophylls), while Torreya
has simple axillary pollen cones without sterile scales.

The radial arrangement of microsporangia in Taxus and Pseudotaxus is very
unusual among the conifers and is somewhat reminiscent of the arrangement
of sporangia in Equisetum L. (Sporne). Radially arranged microsporangia are
also sometimes found at the apices of strobili in Cephalotaxus and Amento-
taxus, in which the sporangia are usually fully developed only on the abaxial
surface (Wilde). By analogy, Wilde has thus suggested that the sporangia-bearing
structures of Taxus and Pseudotaxus may be equivalent to reduced lateral
cones. In Torreya, however, the sporangial initials are radially arranged, and
those on the adaxial side abort early in development to give the asymmetric
arrangement seen at maturity (Coulter & Land).

The bark of Taxus and Torreya is unusual in having fibers with prominent
crystals of calcium oxalate on the outer cell walls (Chang; Lotova). Crystalli-
ferous fibers apparently are also present in Amentotaxus but are absent in
Austrotaxus and in the outgroup Cephalotaxus (Outer & Toes).

Resin canals are absent in both the bark and the wood of Taxaceac and
Cephalotaxaceae (Chang; Phillips; Suzuki, 1979a), although they are present
in the leaves and arils of Torreya and Amentotaxus, as well as in the leaves
and fleshy seed coat of Cephalotaxus (Keng: Singh, 1961). Individual resinifer-
ous parenchyma cells are apparently present in the wood of Cephalotaxus
(Greguss, 1972) and also in that of Torreya (Bliss), in accord with the distinctive
odor of the wood in several species of the latter. Resiniferous parenchyma cells
are evidently absent from the stem wood of Taxus but may be present in the
root wood (Bliss).

Helical thickenings on the secondary walls of the axial tracheids are a notable
feature of the wood in Taxaceae and Cephalotaxus (Greguss, 1955; Penhallow;
Phillips). Apparently they are usually absent in Austrotaxus (Gaussen; Greguss,
1955), although according to Phillips they were reported for this genus by
Prince. The form and distribution of helical thickenings on the tracheids of
Taxaceac are strikingly similar to those of Cephalotaxus but differ from those
found in some of the Pinaceac (Penhallow; Yoshizawa ez al.).

Leaf anatomy has proved particularly useful in differentiating the genera of
Taxaceae (Ferguson, 1978; Florin, 1931, 1948b, 1951) and has often allowed
unequivocal identification of fossil leaves. Amentotaxus is notable for the star-
like arrangement of subsidiary cells around the guard cells, with some of the
subsidiary cells shared by adjacent stomata. The outer surface of the subsidiary
cells is prominently thickened and papillate in 7axus but unthickened in Pseu-
dotaxus. The stomata are monocyclic in Torreya and Amentotaxus and are
usually so in Pseudotaxus, while they are amphicyclic in 7axus and Austrotaxus.

The pollen grains of Taxaceae are nonsaccate and lack prothallial cells, as is
also the case in the Cephalotaxaceae, Sciadopityaceae, and Cupressaccae (in-
cluding Taxodiaceae) (Erdtman, 1957, 1965; Singh, 1961, 1978; Ueno, 1959,
1960; Wodehouse). Presence of pollen saccae (as in most Pinaceae and Po-
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docarpaceae and several extinct groups of conifers) and two prothallial cells
(as in Pinaccac and Ginkgo, with secondarily higher numbers in Araucariaceac
and most Podocarpaceae) are apparently the primitive states among the conifers
(sce Florin, 1951; Millay & Taylor; Singh, 1978). The sculpture and structure
of the pollen grains of the Taxaceac are similar in general features to those of
the Cephalotaxaceac and Cupressaccae (Owens & Simpson; Ueno, 1959), al-
though unique features have recently been ascribed to Amentotaxus (Xi, 1986a,
b). The Taxaceac are wind pollinated, as arc virtually all gymnosperms, and
have a pollination-drop mechanism of pollen capture, as is the casc in Ginkgo
and a number of groups of conifers, including the Cephalotaxaccae and Cu-
pressaccae (Doyle, 1945; Singh, 1978).

The Taxaceac are onc of several gymnospermous groups in which dioccy is
coupled with a seed-dispersal syndrome involving mammals or birds as vectors
(Givnish). Taxus exhibits a typical pattern of characters related to bird dis-
persal, with the attracting aril becoming sweet and red when the seeds ripen,
whilc the seed itself is toxic and protected by a hard coat. The large, edible
seeds of Torreya, with their dull purplish, resinous aril, are well suited to
mammal dispersal. The seeds of Torreya taxifolia are highly sought after by
squirrels (U, S. Fish & Wildlife Service). Field studies are needed to determine
the dispersal mechanisms in the other genera, although preliminary morpho-
logical and chemical data tend to suggest bird dispersal in the other two genera
of Taxcae.

Studies of the natural-product chemistry of the Taxaceae have been largely
restricted to the genera Taxus and Torreya, with the exception of preliminary
studies of the biflavonoid composition of Amentotaxus and Pseudotaxus (sce
reviews in Geiger & Quinn, 1975, 1982; Hegnauer, 1986) and of a few of the
compounds extractable from the wood of Pscudotaxus Chienii (Cheng) Cheng
(Ma et al., 1982) and the leaves of Amentotaxus argotaenia (Ma et al., 1986).
What is known of the chemistry of the Taxaccae does not provide evidence
favoring its treatment as a group separate from the other families of conifers
(Hegnaucr, 1962, 1986).

Only the amentoflavone series of biflavonoids appears to be present in the
Taxaccac and Cephalotaxaccae, in contrast to the much greater diversity of
biflavonoid structures found in the Araucariaccae, Cupressaceae (including
Taxodiaceace), and Podocarpaceae (Geiger & Quinn, 1975; Hegnauer, 1962,
1986). Kayaflavone, the sole biflavonoid reported from four species of Torreva
(see Geiger & Quinn, 1975; He e al., 1983;: Ma et al., 1985), has not been
found in Amentotaxus, Pseudotaxus, or Taxus, while the parent compound
amentoflavone is the only biflavonoid reported to date from Amentotaxus.
Mono-, di-, and trimethyl ethers of the series, including sciadopitysin, gink-
getin, and sequoiaflavone have been isolated from Taxus baccata M. S. Y.
Khan er al.; Morelli), while only sciadopitysin was reported from several other
species of Taxus by Ma and colleagucs (1985).

Leaf oils have apparently been investigated only in Torreya, in large part
becausc foliar resin canals are absent in the other genera except for Amento-
taxus. The major monoterpene components of Torreya leaf resin, including
limonene, e-pinene, and myreene, arc also of wide occurrence elsewhere among
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the conifers (He ef al., 1986; Hegnauer, 1962, 1986; Yatagai & Sato). A series
of more unusual resin sesquiterpenes has also been isolated from the stem wood
of Torreya nucifera (see reviews by Burke; Hegnauer, 1986), but only limited
comparative studies have been conducted within the genus.

Taxus is notable for the highly poisonous taxane alkaloids, an unusual class
of diterpene alkaloids that is characteristic of its leaves, stems, and seeds (Lyth-
goe; R. W. Miller). Some of these alkaloids, most notably taxol, have been the
subject of considerable interest because of their potent antimitotic activity and
potential utility as anticancer chemotherapeutic agents (Guéritte-Voegelein ez
al.; R. W. Miller). Taxane alkaloids had been considered to be unique to Taxus
(Hegnauer, 1986, 1988) but have recently also been found to occur in Austro-
taxus (Guéritte-Voegelein ef al.). They are not present in 7orreya but need to
be thoroughly sought after in Pscudotaxus. A biosynthetically unrelated class
of cytotoxic alkaloids is characteristic of Cephalotaxus, and these compounds
are also under investigation for their anticancer activity (Chu; Huang & Xue).
Alkaloids are of quite restricted distribution among conifers outside of the
Taxaceae and Cephalotaxaceae, having been found only in a few members of
the Pinaceac and in Athrotaxis D. Don (Cupressaceae sensu lato) (Hegnauer,
1988).

Taxus, which is widely grown as an ornamental hedge or tree in North
America and Europe, is the only genus of Taxaceae with major economic
importance. Torreya is of lesser importance as an ornamental, but it is valued
in Asia for its wood, edible seeds, and sced oil. Amentotaxus and Pseudotaxus
are of potential horticultural interest, but only A. argotaenia has been intro-
duced into cultivation outside of China (Rushforth).
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——— Coniferales. Fl. Malesiana, 1. 10(3): 337-453. 1988. [Taxaceae, 347-351; world-
wide range map for Taxus and detail map for the Malesian 7. sumatrana; nomen-
clature of 7. sumatrana clarified.]

DoGrA, P. D. Embryogeny of gymnosperms and taxonomy—an assessment. Glimpses
PL. Res. 5: 114-128. 1980.

DovLg, J. Developmental lines in pollination mechanisms in the Coniferales. Sci. Proc.
Roy. Dublin Soc. II. 24: 43-62. 1945.

. Proembryogeny in Pinus in relation to that in other conifers—a survey. Proc.

Roy. Irish Acad. B. 62: 181-216. 1963.

& M. Brennan. Cleavage polyembryony in conifers and taxads—a survey. L.
Podocarps, taxads & taxodioids. Sci. Proc. Roy. Dublin Soc. A. 4: 57-88. 1971. [See
also ibid. 4: 137-158. 1972.]

EHRENDORFER, F. Evolutionary significance of chromosomal differentiation patterns in
gymnosperms and primitive angiosperms. Pp. 220-240 in C. B. Beck, ed., Origin
and early evolution of angiosperms. iii + 341 pp. New York. 1976.

EICHLER, A. W. Coniferae. /n: A. ENGLER & K. PRANTL, Nat. Pflanzenfam. II. 1: 28—
116. 1889. [Taxaceae, 111-113.]

EMBERGER, L. Gymnospermes. Pp. 383-459 in M. CHADEFAUD & L. EMBERGER, Traité
de botanique systématique. Vol. 2(1). Paris. 1960. [Taxaceae, 452459, placed in
the order Taxales along with the Cephalotaxaceae.]

ErpTMAN, G. Pollen and spore morphology/plant taxonomy. Vol. 2. Gymnospermae,
Pteridophyta and Bryophyta (illustrations). Frontisp. + iv + 151 pp. 5 pls. Stock-
holm. 1957. [Taxaceae, 8, 9, 31, 42, 43.] Vol. 3. Gymnospermae, Bryophyta (text).
191 pp. 24 pls. Stockholm. 1965. [Taxaceae, 17, 21, 70, 75, 78; pls. 6, 23, 24.]

FercusoN, D. K. Somc current research on fossil and recent taxads. Rev. Palaeobot.
Palynol. 26: 213-226. 1978. [Leal anatomy of genera of Taxaceae plus Cephalotaxus;
new data on leaves of Amentotaxus, range map of North American species of 7axus.]

. A new species of Amentotaxus (Taxaccae) from northeastern India. Kew Bull.
40: 115-119. 1985. [4. assamica.]

FerrEg, Y. DE, M. L. Rouang, & P. WoLtz. Systématique et anatomie comparée des
feuilles de Taxaceae. Podocarpaceae, Cupressaceae de Nouvelle-Calédonie. Cahiers
Pacifique 20: 241-266. 1978. [Leaf anatomy of Austrotaxus spicata.]

FrrscHeN, J. Handbuch der Nadelholzkunde. xv + 765 pp. Berlin. 1930. [Revised third
edition of Beissner’s Handbuch der Nadelholzkunde.]

FLoriN, R. Untersuchungen zur Stammesgeschichte der Coniferales und Cordaitales.
Sv. Vet.-akad. Handl. IIL. 10: 1-588. pls. /-58. 1931. [Classic treatment of leaf
anatomy of the conifers; Taxaceae, 68-74, 235-242, 304-306, 465-468, 474-476,
pls. 10, 21, 24-26, 33, 34.]

Die Koniferen des Oberkarbons und des unteren Perms. I-VIIIL. Palaconto-
graphica 85B: 1-729. pls. 1-186, table 1. 1938-1945. [Taxaceae, 515-518, 618-632,
657-662, 668, pls. 185, 186; morphology of fossil and extant taxa compared.]

———. On the morphology and relationships of the Taxaceae. Bot. Gaz. 110: 31-39.
1948a.

. On Nothotaxus, a new genus of the Taxaceae, from eastern China. Acta Horti

Berg. 14: 385-395. pls. 1-3. 1948b. [Pseudotaxus.]

. Nothotaxus or Pseudotaxus? Bot. Not. 1948: 270-272. 1948c.

. Evolution in cordaites and conifers. Acta Horti Berg. 15: 285-388. 1951. [Leaf-

surface anatomy of Taxus, Pseudotaxus, Amentotaxus, and Cephalotaxus compared;

Taxaceae excluded from the conifers.]

. The female reproductive organs of conifers and taxads. Biol. Rev. 29: 367-389.
1954,

———. The systematics of the gymnosperms. Pp. 323-403 in E. L. KesseL, ed., A
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century of progress in the natural sciences, 1853-1953. San Francisco. 1955. [His-

torical review, mostly of morphology.]

- On Jurassic taxads and conifers from northwestern Europe and eastern Green-

land. Acta Horti Berg. 17: 257-402. pls. 1-56. 1958a. [Several extinct specics of

Torreya compared to modern specics. ]

. Notes on the systematics of the Podocarpaceae. Ihid. 403—411. 1958b. [Podo-

carpaceae compared to Taxaceae and Cephalotaxaceae.]

The distribution of conifer and taxad genera in time and space. Ibid. 20(4):
121-312. 1963. [Maps of current and fossil distribution for all genera of Taxaceac.)

Fu, L. K. A study on the genus Cephalotaxus Sieb. et Zucc. (In Chinese; English sum-
mary.) Acta Phytotax. Sinica 22: 227-288. 1984. [Revision of the genus; two sections
and nine spccies recognized.]

Gaussen, H. Les Taxines. /n: Les gymnospermes actuelles et fossiles. Trav. Lab. Forest.
Toulouse, Tome II, Vol. I, Partie 1I(3), Fasc. XV. Chap. XXIIL: 1-24. pls. 98-100;
Chap. XXIV: 1-10; Chap. XXV: 1-82. pl. 101. 1979. [Worldwide treatment of the
Taxaccac.] Bibliographie. /bid. Tome I1, Vol. I, Partie I1I: 1-180. 1979. [Bibliography
for the entire work.]

GEIGER, H., & C. Quinn. Biflavonoids. Pp. 692-742 in J. B. HARBORNE, T. J. MABRY,
& H. MaBry, eds., The flavonoids. Vol. 2. London. 1975. [Taxaceae, 723, 732, 733.
Sce also updated summaries: J. B. HARBORNE & T. J. MABRY, eds., The flavonoids:
advances in rescarch. Vol. 1. pp. 505-534. London and New York. 1982. Vol. 2.
Chap. 4. 1988.*%]

Givnish, T J. Ecological constraints on the evolution of breeding systems in seed plants:
dioecyand dispersal in gymnosperms. Evolution 34: 959-972. 1980. [Dioecy coupled
with animal dispersal of sceds in wind-pollinated plants.]

Grecuss, P. Identification of living gymnosperms on the basis of xylotomy. 263 pp.
350 pls., 8 tables. Budapest. 1955. [Taxaceae, 147, 148, 150-157, pls. 73, 78-89.]

. Xylotomy of the living conifers. 172 + 329 pp. Budapest. 1972. [Taxaceae, 18,
19, 85; pls. 7, §3: wood of Taxus floridana illustrated and discussed.]

GUERITTE-VOEGELEIN, F., D. GUENARD, & P. PoTiEr. Taxoland derivatives: a biogenetic
hypothesis. Jour. Nat. Prod. 50: 9-18. 1987. [Possible biosynthetic pathways to the
taxane structure; first report of taxane alkaloids from Austrotaxus spicata.)

Harpin, J. W, Studies of the southcastern United States flora. II. The gymnosperms.
Jour. Elisha Mitchell Sci. Soc. 87: 43-50. 1971. [Taxaceae, 44.]

Harris, T. M. Two neglected aspects of fossil conifers. Am. Jour. Bot. 63: 902-910.
1976a. [Abscission of foliage and phyllotaxis in modern Taxaceae compared to fossil
material.]

. The Mesozoic gymnosperms. Rev. Palacobot. Palynol. 21: 119-134. 1976b.
[Morphology of Jurassic fossil Taxaceae reviewed: possible mechanisms of shift
from lateral to terminal ovules discussed.

HarT, J. A. A cladistic analysis of conifers: preliminary results. Jour. Arnold Arb. 68:
269-307. 1987. [Both intergeneric and interfamilial cladograms; character states
tabulated for the genera of Taxaccae.]

HE,G. F.,Z. W.Ma. & W. F. YiN. Biflavone of 7orreya Jackii Chun and its taxonomical
significance. (In Chinese; English summary.) Acta Phytotax. Sinica 21: 433-435.
1983. [Kayaflavone found in several species of 7orreya; apparently absent in Amen-
totaxus, Pseudotaxus, and Taxus.]

, : L Z. L. Xu, J. G. PaN, & Q. C. Znu. Studies on essential oil
composition in lcaves of Torreya grandis cv. Merrillii and chemotaxonomy. (In
Chinese; English summary.) Acta Phytotax. Sinica 24: 454-457, 1986. [Main com-
ponents are limonene. a-pinene, §-3-carene.]

HEGNAUER, R. Chemotaxonomic der Pflanzen. Bd. 1. Thallophyten, Bryophyten, Pteri-
dophyten und Gymnospermen. 517 pp. Basel & Stuttgart. 1962. [Taxaceae, 430~
440, 482.] Bd. 7. Nachtriige zu Band 1 und Band 2. xii + 804 pp. 1986. [Taxaccac,
540-546, 802; extensive literature review.]
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. Biochemistry, distribution and taxonomic relevance of higher plant alkaloids.
Jour. Nat. Prod. 27: 2423-2427. 1988. [Diterpenc alkaloids not known from gym-
nosperms outside of the Taxaceac.]

HickeL, R. Graines et plantules des coniféres. Bull. Soc. Dendrol. France 19: 13-115;
20: 134-204. 1911.

Hiw, T. G., & E. DE Fraine. On the seedling structure of gymnosperms. I. Ann. Bot.
22: 689-712. pl. 35. 1908. [Species of Taxus and Torreya compared to members of
Cephalotaxaceae, Podocarpaceac, and Cupressaceae.]

Hu, Y. S., & B. J. Yao. Transfusion tissue of gymnosperm leaves. Jour. Linn. Soc. Bot.
83: 263-272. 1981. [Similar in Taxus, Pseudotaxus, Torreya, Amentotaxus, and
Cephalotaxus.]

Hu, Z. A, H. X. WanG, C. J. L, & Z. X. Qian. Biochemical systematics of gymno-
sperms. 3. On the systematic position of Taxaceae from their seed protein peptides
and needle peroxidases. (In Chinese; English summary.) Acta Phytotax. Sinica 24:
260-263. pl. 1. 1986. [Major seed protein bands of Taxaceac and Cephalotaxaccae
are quite similar.]

HuANG, L., & Z. XUe. Cephalotaxus alkaloids. Alkaloids 23: 157-226. 1984.

Jamieson, G. R., & E. H. Rew. The leaf lipids of some conifer species. Phytochemistry
11: 269-275. 1972. [Fatty-acid profile of 7axus baccata relatively similar to that in
several genera of Cupressaceac.]

JancHeN, E. Das System der Koniferen. Sitz-ber. Akad. Wiss. Math.-Naturw. Wien
158(1): 155-262. 1949 [1950]. [Taxaceae divided into tribes Torreyeae and Taxeac.]

Kenc, H. Aspects of morphology of Amentotaxus formosana with a note on the taxo-
nomic position of the genus. Jour. Arnold Arb. 50: 432-448. 1969. [Leaves, mi-
crosporangiate strobili, ovules, sceds. and scedlings illustrated.]

KHAN, A. G., & P. G. VALDER. Occurrence of root nodules in Ginkgoales, Taxales, and
Coniferales. Proc. Linn. Soc. New S. Wales 97: 35-41. 1972. [Endophytic mycor-
rhizae but no nodules in Zaxus baccata; no other genera of Taxaccae examined.]

KuaN, M. S. Y., I. KUMAR. J. S. PrasaD, G. R. NAGARAJAN, M. R. PARTHASARATHY,
& H. G. KrRISHNAMURTY. Phenolic constituents of 7axus baccata leaves. Pl. Med.
30: 82-85. 1976. [Betulosidc and three biflavonoids isolated.]

Kuostoo, T. N, Chromosome numbers in gymnosperms. Silvae Genet. 10: 1-9. 1961.
[Comprehensive summary of the litcrature.]

. Cytogenetical evolution in the gymnosperms—karyotype. Pp. 119-135 in P.
MAHESHWARIL B. M. Jonrl, & I. K. Vasi, eds., Proceedings of the Summer School
of Botany, Darjeeling. New Delhi. 1962.

KRAL, R. A report on some rare, threatencd, or endangered forest-related vascular plants
of the South. Vol. 1. Isoetaceae through Euphorbiaceae. U. S. Dep. Agr. Forest Serv.
Southern Region Tech. Publ. R8-TP2. x + 718 pp. 1983. [Taxaceae, 24-30; mor-
phology, ecology, distribution of 7axus floridana and Torreya taxifolia.]

KrissMaNN, G. Handbuch der Nadelgchdlze. ed. 2 (revised by H. D. WaRDA). [6] +
396 pp. /60 pls. Berlin and Hamburg. 1983. [Also published in English as Kross-
MANN, G., Manual of cultivated conifers. (M. E. Epp, translator.) 361 pp. 160 pls.
Portland, Oregon. 1985.]

L1, H. L. The genus Amentotaxus. Jour. Arnold Arb. 33: 192-198. 1952. [Three new
species described.]

Litrig, E. L., Jr. Atlas of United States trees. Vol. 1. Conifers and important hardwoods.
U.S. Dep. Agr. Misc. Publ. 1146. v + 9 pp. 2 base maps, 200 species maps, 9 overlay
maps. 1971. Vol. 5. Florida. vi + 22 pp. 6 general maps, 256 species maps. 1978.
[Detailed distributional maps for 7axus and Torreya.]

. The Audubon Society ficld guide 1o North American trees. Eastern region. 714
pp. New York. 1980. [Taxaceae, 273-275.]

LoTova, L. I The bark structure of Taxaceae, Cephalotaxaceae, and Podocarpaceac.
(In Russian; English summary.) Vestn. Moskov. Univ. Ser. 6. Biol. 1979(3): 3-13.
1979.
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Lozg, J. C. Etude de I'ontogénie de I'appareil reproducteur femelle de 1'if, Taxus baccata
L. Revue Cytol. Biol. Veg. 28: 211-256. pls. 1-3. 1965. [Detailed study of the
development of the ovule, aril, and ovuliferous shoot.]

LyTHGOE, B. The Tavus alkaloids. Alkaloids 10: 597-626. 1968.

MA,Z. W.,G. F. HE, & W. F. Yin. Study of major chemical components of Pseudotaxus
Chienii. (In Chinese; English summary.) Acta Bot. Sinica 24: 554-557. 1982. [Three
crystalline compounds extracted from the wood, including g-sitosterol and tsuga-
lactone.]

, L & . The distribution of bisflavones in Taxaceae. (In Chinese;
English summary.) Acta Phytotax. Sinica 23: 192-195. 1985. [Kayaflavone found
in several species of Torreya and sciadopitysin in several specics of Taxus; no
biflavonoids detected in Pseudotaxus or Amentotaxus; see also GEIGER & Quinn.]

_ L& . Study on chemical components in lcaves of Amentotaxus
argotaenia (Hance) Pilger native to China. (In Chinese; English summary.) bid. 24:
443-446. 1986.

MAHESHWARI, P., & H. SINGH. The female gamctophyte of gymnosperms. Biol. Rev.
42: 88-130. 1967.

MARTIN, A. C. The comparative internal morphology of seeds. Am. Midl. Nat. 36: 531—
660. 1946. [Taxaceae, 530.]

McKniGhT, B. A, Refugees from the ice age. Am. Forests 53: 543, 566. 1947. [Taxus
Moridana, Torreya taxifolia; includes historical account and bark and habit photo-
graphs of the latter.]

Menra, P. N, & T. N. KnosHoo. Cytology of conifers. 11. Jour. Genet. 54: 181-185.
1956. [Chromosome counts for Cephalotaxus drupacea; Taxaceae and Cephalotax-
accae compared.]

MiLLay, M. A, & T. N. Tavror. Evolutionary trends in fossil gymnosperm pollen.
Rev. Palacobot. Palynol. 21: 65-91. 1976,

MiLLer, C. N., Jr. Mesozoic conifers. Bot. Rev. 43: 217-280. 1977, [Taxaceae, 230-
233, 268.]

MiLLer, H. ). The wood of Amentotaxus. Jour. Arnold Arb. 54: 111-119. 1973,

MiLLer, R. W. A bricf survey of Tavus alkaloids and other taxane derivatives. Jour.
Nat. Prod. 43: 425-437. 1980.

Morerrr, I Constituenti di Taxus baccata L. Fitoterapia 47: 31-38. 1976.* [Chemical
constituents of 7. haccata.]

Ouver, F. W. The ovules of the older gymnosperms. Ann. Bot. 17: 451-476. pl. 24.
1903. [Ovule anatomy of Torreva californica, 466-473, figs. 10-14.]

Oupen, P. DEN, & B. K. BooM. Manual of cultivated conifers. x + [2] + 526 pp. The
Hague. 1965.

OUTER, R. W. DEN, & E. Toes. The sccondary phloem of Amentotaxus. Jour. Arnold
Arb. 55: 119-122. 1974. [Phloem anatomy of the genera of Taxaceae (except Pseu-
dotaxus) and Cephalotaxus compared.]

Owens, J. N., & S. Simpson.  Pollen from conifers native to British Columbia. Canad.
Jour. Forest Res. 16: 955-967. 1986. [SEM and LM photographs and descriptions;
Taxus brevifolia included.]

PARLATORE, P. Coniferae. /n: DC. Prodr. 16(2): 361-521. 1868. [Taxaceac, 499-502,
504-506.]

PennaLLow, D. P. The generic characters of the North American Taxaceae and Conif-
crae. Trans. Roy. Soc. Canada. 1. 2(4): 33-57. pls. 1-6. 1896. [Wood anatomy of
Taxus and Torreya.)

Puicuies, E. W. I, Identification of sofiwoods by their microscopic structure. Forest
Prod. Res. Bull. 22. iii + 56 pp. 3 pls. 1948. [Wood anatomy for all genera cxcept
Pseudotaxus compared:; a similar account appeared in Jour. Linn. Soc. Bot. 52: 59—
320. 1941.]

Pucer, R. Taxaceac. Pflanzenr. 1V. 5: 1-124. 1903. [Including Cephalotaxaceac and
Podocarpaceac; the species of Taxus treated as geographic subspecies of 7 baccata.]
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———. Dic Taxales. Mitt. Deutsch. Dendrol. Ges. 25: 1-28. 1916a.

. Kritische Ubersicht iiber die neuere Literatur betreffend die Familie der Tax-

aceae. Bot. Jahrb. 54: 1-43. 1916b. [Amentotaxus separated from Cephalotaxus as

a new genus.}

. Taxaceae. In: A. ENGLER, Nat. Pflanzenfam. ed. 2. 13: 199-211. 1926. [Amen-

totaxus treated under Cephalotaxaceae, 270, 271.]

& H. MeLchior. Gymnospermae. /n: H. MELCHIOR, A. Engler’s Syllabus Pflan-
zenfam. ed. 12. 1: 312-344. 1954. [Taxaceac, 340, 341.]

PRINCE, J. B. Stem-wood in the gymnosperms. 96 pp. Unpubl. Master’s Thesis, Univ.
New Brunswick. Fredericton. 1938.*

QuinN, C. J. Generic boundaries in the Podocarpaceae. Proc. Linn. Soc. New S. Wales
94: 166-172. 1971.

REeHDER, A. Manual of cultivated trces and shrubs hardy in North Amcrica, exclusive
of the subtropical and warmer temperate regions. ed. 2. xxx + 996 pp. New York.
1940. [Taxaceae, 1-5.]

. Bibliography of cultivated trees and shrubs hardy in the cooler temperate regions
of the Northern Hemisphere. xI + 825 pp. Jamaica Plain, Massachusetts. 1949.
[Detailed nomenclatural treatment; Taxaceae, 1-4.]

RusurorTH, K. D. Conifers. 232 pp. 20 pls. London. 1987.

SAHNI, B. On certain archaic features in the seed of Taxus baccata, with remarks on
the antiquity of the Taxineae. Ann. Bot. II. 34: 117-133. 1920.

SARGENT, C. S. Silva N. Am. 10. vii + 159 pp. pls. 497-537. 1896. [Taxaceae, 55-68,
pls. 512-515; excellent illustrations of 7axus and Torreya: uses and lore.}

Sax. K., & H. J. Sax. Chromosome number and morphology in the conifers. Jour.
Arnold Arb. 14: 356-374. pis. 75, 76. 1933. [Chromosome numbers and karyotypes
for spccies of Taxus and Cephalotaxus.]

SaxTon, W. T. Notes on conifers. VIII. The morphology of Austrotaxus spicata Comp-
ton. Ann. Bot. 48: 411—427. 1934. [Embryogeny; ovule development; microspor-
angiate strobilar morphology.]

SinGH, H. The life history and systematic position of Cephalotaxus drupacea Sieb. et
Zuce. Phytomorphology 11: 153-197. 1961. [Important account of the morphology
of Cephalotaxus; Taxaceae and Cephalotaxaceae compared.]

. Embryology of gymnosperms. Band 10, Teil 2 in K. LinsbauER, Handbuch der
Pflanzenanatomic. ed. 2. Berlin. 1978. [Male and female gametophytes; pollination
mechanisms; embryogeny; extensive bibliography.]

SmaLL, J. K. Manual of the southeastern flora. xxii + 1554 pp. New York. 1933,
[Taxaceae, 11, 12.]

SpornE, K. R. The morphology of gymnosperms. ed. 2. 216 pp. London. 1974. [Tax-
aceae, 158-163.]

STERLING, C. Proembryogeny and ecarly embryogeny in Taxus cuspidaia. Bull. Torrey
Bot. Club 75: 469-485. 1948.

. Structure of the male gametophytc in gymnosperms. Biol. Rev. 38: 167-203.
1963.

SuGiHARA, Y. Morphologische Untersuchungen iiber Amentotaxus argotacnia Pilger.
(In Japanese; German summary.) Bot. Mag. Tokyo 59: 61-67. 1946a. [Chromosome
count, # = 11; illustration very unclear.]

The proembryogeny of Taxus Wallichiana Zuccarini. (In Japanese; English
summary.) Ihid. 96-98. 1946b. [Proembryogeny and chromosome complement (n
= 12) illustrated.]

Suzuki, M. The course of resin canals in the shoots of conifers. 1. Taxaceae, Cephalo-
taxaceae, and Podocarpaceae. Bot. Mag. Tokyo 92: 235-251. 1979a. [Resin canals
absent in Taxus, associated with the leaf traces in Torreya and Cephalotaxus; see
also ibid. 92: 253-274. 1979b; ibid. 92: 333-353. 1979¢.]

TanArA, M. Embryogeny of Torreva nucifera S. et Z. Sci. Rep. Tohoku Imp. Univ. IV.
15: 419-426. pls. 1, 2. 1940. [See also ibid. 17: 9-16. pl. 1. 1942}
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TerasakA, O. Nuclear differcntiation of male gametophytes in gymnosperms. Cytologia
47: 27-46. 1982. [Chromosome number, » = 11, and gametophytic development
in Torreva nucifera.)

TieGHEM, P, vaN. Anatomic comparée dc la fleur femelle et du fruit des Cycadées, des
Conifgres et des Gnetacées. Ann. Sci. Nat. Bot. V. 10: 269-304. pls. 13-16. 1869.

Ueno, J. Some palynological obscrvations of Taxaceae, Cupressaceae, and Araucari-
aceac. Jour. Inst. Polytech. Osaka Univ. D. 10: 75-87. 1959. [LM and TEM com-
parisons of pollen structurc.]

Studies on pollen grains of Gymnospermae: concluding remarks to the rela-
tionships between Coniferac. 7bid. 11: 109-126. pl. 1, foldout table. 1960.

U. S. Fistt & WiLpLire SErvice. Florida torreya (7orreya taxifolia) recovery plan, 42
pp. Atlanta, Georgia. 1986.

VIERHAPPER, F. Entwurf eines neuen Systems der Coniferen. Abh. Zool.-Bot. Ges. Wien
5(4): 1-56. 1910.

Wang, F. X., Z. K. Cuen, & Y. S. Hu. On the systematic position of Taxaceac from
the embryological and anatomical studies. (In Chinese; English summary.) Acta
Phytotax. Sinica 17(3): 1-7. 1979.

WiLpe, M. H. A new interpretation of microsporangiate cones in Cephalotaxaceac and
Taxaceac. Phytomorphology 25: 434-450. 1975. [Perisporangiate microsporophyll
of Taxus may result from microstrobilar reduction.]

WobEeHousE, R. P. Pollen grains. xv + 574 pp. New York. 1935, [Taxaceae, 249-252,
282, 283.]

Wortz, P., & Y. Bawry. Austrotaxus spicata Compton, Taxacée de Nouvelle-Calédonie:
aspects anatomiques ct ¢volution de I'appareil conducteur de la plantule. Bull. Soc.
Bot. France 129: 223-230. 1982. [Includes photographs of seed and seedling, illus-
trations of leaf cross-sectional anatomy.]

X1 Y. Z. Studies on pollen morphology of Taxaceae of China. (In Chinese; English
summary.) Acta Phytotax. Sinica 24: 247-252. pls. I-4. 1986a. [4mentotaxus, Pseu-
dotaxus, Taxus, and Torreya compared at LM, SEM, and TEM levels.]

Ultrastructure of pollen exine in Amentotaxus Pilger and its significance in
taxonomy. (In Chinese; English summary.) Ibid. 439-442. pis. 1, 2. 1986b. [Treat-
ment as monogeneric family suggested based on unusual features of pollen structure.)

YataGal, M., & T. Sato. Terpenes of leaf oils from conifers. Biochem. Syst. Ecol. 14:
469-478. 1986. [Includes Torreva nucifera.]

Yostizawa, N., T. ITon, & K. Suiman. Hclical thickenings in normal and compression
wood of some softwoods. IAWA Bull. 6: 131-138. 1985. [Pattern of helical thick-
enings on tracheid walls of Taxus, Torreya, and Cephalotaxus differs from that in
the Pinaceae.]

KEY TO THE GENERA OF TAXACEAE IN THE
SOUTHEASTERN UNITED STATES

General characters: dioecious (rarely monoecious) evergreen shrubs or trees; Joliage
leaves alternate, appearing 2-ranked [or less commonly opposite], linear to linear-lan-
ceolate, short-petiolate; pollen cones with whorled or tightly clustered microsporophylls;
cach sporophyll with [2 or] 3-9 abaxial or radially arranged microsporangia; pollen
nonsaccate, lacking prothallial cells; ovules borne singly, terminating short axillary shoots;
seeds arillate, with hard coat; cotvledons 2 (rarely I or 3).

A. Seed ca. 2-5 cm long, completely surrounded by a greenish or purplish aril; lcaves
sharply pointed, aromatic when bruised, with a resin canal. .......... 1. Torreya.
A. Seed < | cm long, partially enclosed by a cup-shaped red aril; leaves not sharply
pointed or strongly aromatic, without a resin canal. ............. .....2. Taxus.
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Tribe TORREYEAE Janchen
1. Torreya Arnott, Ann. Nat. Hist. 1: 130. 1838, nom. cons.

Evergreen dioecious (rarcly monoecious) trees with branches seemingly in
whorls. Bark fissured. Wood with little or no axial parenchyma, persistently
aromatic. Foliage leaves spirally arranged (appearing 2-ranked due to twisting
of the leaf bases), linear to linear-lanceolate, sharply pointed at apex, strongly
aromatic when bruised [or slightly so in 7. grandis]; abaxial surface with 2
narrow, whitened [or sometimes brownish] stomatal bands with sunken sto-
mata; resin canal single, abaxial to the vascular bundle. Pollen cones short-
stalked, borne singly in leaf axils of the current year; microsporophylls in ca.
6-8 whorls of 4 per strobilus, distal to a series of tightly clustered decussate
scale leaves; sporangia abaxial, usually 3-5 per sporophyll. Ovules borne singly,
terminating short secondary lateral shoots, generally with 2 such ovuliferous
shoots borne in the axils of scale leaves on a primary dwarf shoot axillary to
a foliage leaf, usually only 1 ovule maturing per associated foliage leaf. Seeds
ca. 2-5 cm long, surrounded by the resinous greenish or purplish aril, maturing
the second year; seed coat heavily sclerified, adnate to the surrounding aril
except at the distal tip; gametophytic storage tissue irregularly channeled (““ru-
minate™); embryo distal, very small when sced is shed. Chromosome number
2n = 22. (Tumion Raf.) Type species: Torreva taxifolia Arnott. (After John
Torrey, 1796-1875, noted American botanist.)— TORREYA, STINKING CEDAR.

A genus of seven species in moist temperate areas of castern Asia and North
America, with two native to the United States (Torreya californica Torrey in
California and T. faxifolia Arnott in Florida and adjacent Georgia), onc to
Japan (7. nucifera (L.) Sieb. & Zucc.), and four to central and southern China
(see the recent treatment in Cheng & Fu) and adjacent Burma (Florin, 1963).
Torreya had a morc extensive Northern Hemisphere range during Mesozoic
and Tertiary times. The oldest fossils of the genus, from Great Britain and
southern Scandinavia, are of middle Jurassic age, and the genus persisted in
central and southern Europe until the Pliocene (Florin, 1958a, 1963).

Torreya most closely resembles Amentotaxus (and Cephalotaxus) in having
large, drupelike seeds and clongate leaves with a single resin canal. Torreya
differs from these genera and the remainder of the Taxaceac in having narrower
stomatal bands with sunken stomata on the abaxial leaf surface (Ferguson,
1978; Florin, 1931), a pungent aromatic odor when its foliage is bruised, simple
rather than compound microsporangiate strobili, and highly channeled (*‘rumi-
nate”) gametophytic storage tissue in its sceds. The last feature is unique among
the gymnosperms and is caused by the irregular growth of megagametophytic
tissue into the surrounding nucellar and integumentary tissues (Coulter & Land).
It has given rise to the name “California nutmeg” for Torreya californica.

Torreya is apparently not divisible into clearcut infrageneric groups sup-
ported by multiple characters but has been divided into sect. NUCIFERAE Hu,
with only slightly channcled sced-storage tissue (7. nucifera and T. grandis
Fortune only), and sect. TORREYA (sect. Ruminatae Hu), with prominent chan-
neling of the seed tissue (Cheng & Fu).



JOURNAL OF THE ARNOLD ARBORETUM [voL. 71

f

FiGure 1. Tribe Torreyeae. a—m, Torreya taxifolia: a, leafy shoot, x Y, b, detail of
leaf in abaxial view. x 1%; ¢, shoots bearing microsporangiate strobili, x %; d, detail of
microsporangiate strobilus with subtending bracts, x 5: ¢, f, microsporophyll in abaxial
and adaxial views, x 20; g, shoot bearing mature seed, x %5 h, 1, dry seed with aril,
longitudinal and radial views, x '%; j, k, seed with aril removed, longitudinal and radial
views, x Y1 . longitudinal section of mature sced showing “ruminate” gametophytic
tissue, X %; m, cross section of moist arillate seed, showing resin canals in the aril and

“ruminate™ gametophytic tissue, x %.

Our sole species, Torreya taxifolia Aot (Tumion taxifolium (Arnott)
Greene), Florida torreya, stinking cedar, gopherwood, is a very narrow endemic
restricted to moist, wooded slopes and limestone bluffs in the vicinity of the
Apalachicola River in three counties (Gadsden, Liberty, Jackson) of north-
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western Florida and in adjacent Decatur County, Georgia (Kral; Little, 1978;
Stalter & Dial). The species was already significantly diminished in population
size by the early 1900’s because of cutting for lumber and fenceposts (Britton;
Coulter & Land) and is now critically endangered because of the effects of a
fungal blight. It is a listed endangered species at both the state and federal
levels (U. S. Fish & Wildlife Service). At some point between 1954 and 1962,
fungal disease(s) of the leaves and stems began to attack the native populations
(Godfrey & Kurz). Several fungal pathogens have been isolated from diseased
trees (Alfieri ef al.; U. S. Fish & Wildlife Service), but the causative agent is
still unknown. Drought and habitat degradation may have played a significant
role in making the wild trees less resistant to fungal attack (Savage; Stalter &
Dial). By 1981, essentially all wild individuals had been infected and all of the
wild trees over 3 m tall had died back except for stump sprouting (Stalter &
Dial). Only approximately 100 wild individuals were alive as of 1981. Further
propagation of cultivated trees outside the native range will be needed to avoid
the extinction of the species.

Torreva taxifolia differs from the other North American species, T califor-
nica, in having yellowish brown rather than reddish brown second-year twigs
and generally shorter leaves (2.5-4 cm vs. 3-8 cm) that are less flat on the
adaxial surface. The stomatal bands arc also less deeply sunken into the leaf
in 7. taxifolia than in T. californica and the other species of the genus (Kriiss-
mann). The two species also evidently differ in their volatile oil chemistry, as
indicated by differences in the odor of the bruised stems and foliage, described
as pungently aromatic in 7. californica and foul-smelling in 7" taxifolia (Krixss-
mann; Sargent).

No systematic investigation of crossability in Torreya has been conducted.
An apparently spontaneous hybrid of 7. californica and T. nucifera was men-
tioned by Kriissmann.

The various species of Torreva are attractive ornamentals in cultivation.
Torreya californica is the hardiest and most widely cultivated species of the
genus in North America and Great Britain, while 7. nucifera and T. grandis
are grown primarily in their native countries in Asia, where several cultivars
have been selected (Bean; Kriissmann). The large seeds of several species are
highly esteemed food items. Seeds of 7. californica were gathered by a number
of tribes of native Americans, while those of T. nucifera are both eaten and
used as a commercial source of cooking oil in eastern Asia (Burke). The very
durable wood of Torreya has been valued for furniture, cabinetry, and fence
posts (Burke; Dallimore & Jackson), and thus few large trees remain outside
of cultivation.
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Tribe TAXEAE
2. Taxus Linnaeus, Sp. PL. 2: 1040. 1753; Gen. Pl. ed. 5. 462. 1754.

Dioecious (rarely monoecious) shrubs or trees. Bark reddish brown, becom-
ing scaly with age. Wood without axial parenchyma. Foliage leaves spirally
arranged (often appearing 2-ranked), lincar, with 2 yellowish or grayish, abaxial
stomatal bands; resin canals absent. Pollen cones short-stalked, borne singly
in axils of foliage leaves, microsporophylls densely clustered, ca. 5-15 per
strobilus, each with 4-9 radially arranged sporangia. Ovules borne singly in
the axils of foliage leaves, cach terminating an ovuliferous dwarf shoot borne
laterally on a very short vegetative shoot in the axil of the foliage leaf. Seeds
ca. 0.5[-1] cm long, largely surrounded by the cuplike reddish [rarely yellow]
aril, which is not adnate to the highly sclerified seed coat; cotyledons 2 (rarely
3). Chromosome number 21 = 24. LEcTOTYPE SPECIES: Taxus baccata L.* (Clas-
sical Latin name for yew.)— YEw.

A genus of perhaps eight or nine poorly differentiated allopatric taxa, treated
most often as separate species but sometimes as geographic subspecies (Pilger,
1903, 1926). The species of 7Taxus are very difficult to distinguish by either
gross morphology or leaf anatomy (Florin, 1931; Kwei & Hu; Pilger, 1903). A
thorough revision making use of comparative biochemistry as well as mor-
phology is much needed. Four species are native to North America, of which
two, T. canadensis Marsh. and 7. floridana Chapman, occur in our region.
Taxus brevifolia Nutt. is widely distributed but relatively uncommon in the
cxtreme western United States and Canada, while the poorly known 7. globosa
Schlecht. is endemic to Mexico and Guatemala. Taxus baccata L. (English yew.,
Irish yew) is native to Europe, Asia Minor, and north Africa, while 7. cuspidata
Sieb. & Zucc. (Japanese yew) and two or three other species are native to
castern Asia and the Himalayas (Cheng & Fu; De Laubenfels, 1988). Given
the fact that the genus apparently dates back to the Jurassic (Florin, 1958a;
Harris, 1976b), it is remarkable how little morphological differentiation is seen
among its extant members.

Taxus canadensis (T. baccata subsp. canadensis (Marsh.) Pilger; 7. baccata
var. canadensis (Marsh.) A. Gray, 1856; 1. baccata var. minor Michx., 1803;
T. minor (Michx.) Britton), Canada yew, American yew, ground hemlock, 2n
= 24, is native to an arca extending from Newfoundland to Manitoba, south
to portions of Iowa, Illinois, Indiana, castern Kentucky, Virginia, and extreme
northern Tennessee and North Carolina. It is usually found under cool, moist
conditions on well-drained soil as an understory plant in coniferous or mixed-
mesophytic forest. In the southern part of its range, it almost always occurs on
upland sites. In our area it has only recently been found in Pickett County,
Tennessec, on protected northern slopes on the western edge of the Cumberland
Plateau (Gonsoulin) and under montane forest conditions in Ashe and Watauga

“The genus was effectively lectotypified by Sicbold & Zuccarini, F1. Japon. Fam. Nat. 2: 108. 1846,
when they transferred the only other Linnaean specics, Taxus nucifera, to the newly described genus
Torreya.
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FiGURE 2. Tribe Taxeac. a-g, Taxus floridana: a, lealy shoot with microsporangiate
strobili at time of pollen release, x %; b, detail of leaf in abaxial view, x 2% ¢, d, ¢,
microsporangiate strobili before, during, and afier shedding of pollen, x 3; f, detail of
microsporophyll, x 20; g, shoot with arillate ovule, x 1%,

counties in extreme northwestern North Carolina (McDowell). Despite the fact
that the foliage of the plant is toxic to most animals, Canada yew is a favored
browsc plant of deer and has been greatly reduced in numbers in much of the
northeastern United States by the large resident deer populations (Martell).

Taxus floridana Chapman, Florida yew, savin, is a very rare species native
only to arcas of Gadsden and Liberty counties in northwestern Florida, largely
in the vicinity of the Apalachicola River in the same area where Torreya
taxifolia is native (Little, 1978). It occurs primarily on moist ravine slopes and
sometimes bluffs in mixed deciduous forest, although one population has been
found in an acidic bog (Kurz).

Taxus canadensis is usually a low shrub, occasionally becoming 2-3 m tall,
while T. floridana is a small tree up to 10 m in height. The leaves of 7.
canadensis are yellowish green above, relatively flat, and ca. 1.3-2 cm long,
while those of T. floridana are dark green above, usually falcate, and ca. 2-2.5
cm long (Rehder, 1940; Sargent). Taxus floridana could easily be treated as a
subspecies of T. canadensis (or perhaps of T. baccata) on the basis of its
morphology, but its ecological tolerances are clearly different. It would be
instructive to compare their chemistry in detail to assess the extent of other
genetic differences between them.

The genus Taxus is most similar 1o the monotypic Chinese Pseudotaxus,
which differs in having a white rather than a reddish aril, ovuliferous shoots
apparently borne directly in the axils of foliage lcaves (vs. on dwarf axillary
shoots), sterile scalcs present (vs. absent) between the sporophylls in the mi-
crosporangiatc strobilus, and epidcrmal papillae only on the margins of the
leaves (vs. on the subsidiary cells of the stomata) (Florin, 1948b). The New
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Caledonian Austrotaxus is similar to 7axus in the general features of its ovular
development (Florin, 1948a) and in the presence of taxane alkaloids (Guéritte-
Voegelein et al.), but it differs substantially in the structure of its microsporangi-
ate strobilus and in having much larger leaves and seeds.

Crossability among species of Taxus has not been investigated in a systematic
manner, but hybrids between 7. baccata and T. cuspidata (T. x media Rehder)
and 7. cuspidata and T. canadensis (T. x Hunnewelliana Rehder) have origi-
nated spontaneously in cultivation (Dallimore & Jackson; Rehder, 1923) and
are now commonly planted in the United States.

Taxus is most notable chemically for the apparently ubiquitous presence of
taxanc alkaloids, an unusual class of diterpene alkaloids (Hegnauer, 1988;
Lythgoe; R. W. Miller). Taxol, an alkaloid of this group that was isolated first
from 7. brevifolia and later from 7. baccata, T. cuspidata, and T. Wallichiana
Zucc., has been of particular interest as an antimitotic agent with activity against
a number of types of cancer cells (Guéritte-Voegelein er al.; Kingston et al.;
Wani et al.). Taxol and related compounds bind to tubulin and promote un-
usually rapid microtubule assembly and are thus also useful in studying the
mitotic process (Bajer et al.; Schiff ez al.). The well-known toxicity of virtually
all parts of the yew plant (only the aril is edible) is due in large part to more
immediate physiological effects of the various taxane alkaloids, although other
biologically active compounds are also present. The degree of toxicity of the
foliage appears to vary considerably within species.

Cyanogenic glycosides have been found in the leaves of Taxus baccata, T.
canadensis, and T. cuspidata (Hegnauer, 1986) and presumably contribute to
the toxicity of the plants. Biflavonoids and other types of glycosides may also
have important pharmacological effects and are probably the active ingredients
in nonalkaloidal leaf extracts used in traditional medicine in India (M. S. Y.
Khan et al.; Vohora).

The ecdysterones, biologically active compounds related to insect-molting
hormones, are another interesting class of compounds found in the foliage of
at least Taxus baccata and T. cuspidata (Hegnauer, 1986).

Yews (Taxus baccata) have long been important plants in the history and
folklore of Great Britain and Europe (Bean; Bialobok; Voliotis). The wood of
Taxus is very strong and durable and was heavily utilized for the manufacture
of bows for archery before the advent of gunpowder. The early Celts, who
considered yew trees 1o be sacred, built temples near them in Britain and
Ireland. These temples were often perpetuated by later Christian churches
(Bean). Today the main economic importance of 7axus is as an ornamental
hedge, shrub, or tree. The most widely used horticultural yews are forms of 7
baccata, T. cuspidata (which is more cold tolerant), and their hybrid, 7% x me-
dia.
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